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Astrocyte morphologies and heterogeneity were described in male African giant rats
(AGR; Cricetomys gambianus, Waterhouse) across three age groups (five neonates, five
juveniles, and five adults) using Silver impregnation method and immunohistochemistry
against glial fibrillary acidic protein. Immunopositive cell signaling, cell size and
population were least in neonates, followed by adults and juveniles, respectively. In
neonates, astrocyte processes were mostly detected within the glia limitans of the mid
and hind brain; their cell bodies measuring 32 ± 4.8 µm in diameter against 91 ± 5.4
µm and 75 ± 1.9 µm in juveniles and adults, respectively. Astrocyte heterogeneity in
juvenile and adult groups revealed eight subtypes to include fibrous astrocytes chiefly in
the corpus callosum and brain stem, protoplasmic astrocytes in the cortex and dentate
gyrus (DG); radial glia were found along the olfactory bulb (OB) and subventricular
zone (SVZ); velate astrocytes were mainly found in the cerebellum and hippocampus;
marginal astrocytes close to the pia mater; Bergmann glia in the molecular layer of the
cerebellum; perivascular and periventricular astrocytes in the cortex and third ventricle,
respectively. Cell counts from twelve anatomical regions of the brain were significantly
higher in juveniles than in adults (p ≤ 0.01) using unpaired student t-test in the cerebral
cortex, pia, corpus callosum, rostral migratory stream, DG, and cerebellum. Highest
astrocyte count was found in the DG, while the least count was in the brain stem and
sub cortex. Astrocytes along the periventricular layer of the OB are believed to be part of
the radial glia system that transport newly formed cells towards the hippocampus and
play roles in neurogenesis migration and homeostasis in the AGR. Therefore, astrocyte
heterogeneity was examined across age groups in the AGR to determine whether
age influences astrocytes population in different regions of the AGR brain and discuss
possible functional roles.
Keywords: GFAP, Golgi stain, astrocyte domains, astrocyte subtypes, African giant rat
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Introduction

cell layers of the AGR OB were shown to contain numerous
astrocytes. These are believed to be part of the radial glia of
the RMS that aid in tangential migration of newly generated
cells from the SVZ to the glomerular layer (where ﬁrst synaptic
transmissions occur) and have an inﬂuence on the keen sense
of olfaction in this rodent (Kálmán and Hajos, 1989; Kosaka
and Kosaka, 2009; Olude et al., 2014b). Similar functional
relevance was described in mice when a loss of adenomatous
polyposis coli in Bergmann glia with increasing age, disrupted
their unique architecture and led to cell non-autonomous
neurodegeneration of cerebellar Purkinje neurons (Wang
et al., 2011). Furthermore, increase in gray matter in the
ﬁrst few years of life is due largely to glia cell proliferation,
dendritic, and axonal arborization and synapse formation
(Mrzljak et al., 1991). This proliferation and eventual pruning
is believed to be essential for the ﬁne tuning of functional
networks of brain tissue in development (Zhang et al., 2006).
The AGR, through development demonstrates this pattern of
gray matter proliferation but the astrocyte input has not been
studied (Olude, 2014). Thus, this study seeks to describe the
immunohistochemical localization of astrocytes in the AGR
brain across three age groups in order to investigate regional
heterogeneity, characterize diﬀerences in astrocyte morphology
of the AGR brain at deﬁned regions, quantify astrocyte density,
adduce possible functional roles and add to the body of
knowledge on the brain of the AGR.

The mammalian central nervous system (CNS) had been typically
characterized with a neuronal bias. However, other neurocellular
components of the CNS such as astrocytes are now known to
comprise morphologically diverse and functionally important
cells crucial in maintaining homeostasis and protection (Emsley
et al., 2004; Nedergaard and Verkhratsky, 2012; Ota et al.,
2013). In the early 1900s, astrocytes were grouped into
two main sub-types, i.e., protoplasmic or ﬁbrous astrocytes
on the basis of diﬀerences in their cellular morphologies,
anatomical locations, and function. At that time, astrocytes
were thought to have only physical structural roles (Ramón
y Cajal, 1909, see review by Kettenmann and Ransom, 2005).
Scientiﬁc advancements now reveal astrocytes as responsible
for a wide variety of complex and essential functions in
health and neurodegeneration including: buﬀering glycogen
fuel reserves and supporting brain metabolism (Panov et al.,
2014); regulation of ion concentration in the extracellular
space (Gabriel et al., 2004); promotion of the myelinating
activity of oligodendrocytes (Ishibashi et al., 2006; Lutz et al.,
2009); formation, maintenance, and pruning of synapses
during development and in the adult CNS (Christopherson
et al., 2005; Stevens et al., 2007; Barres, 2008); primary
roles in synaptic transmission and information processing
(Newman, 2003); formation of the gap junctions (Batter et al.,
1992; Venance et al., 1998; Sofroniew and Vinters, 2010);
regulation of intracellular calcium concentration (Verkhratsky
and Kettenman, 1996; Sofroniew and Vinters, 2010); coordination of vasomodulation in response to changes in neuronal
activity (Takano et al., 2006; Koehler et al., 2009; Quaegebeur
et al., 2011); scar formation (Sofroniew and Vinters, 2010) among
many others.
Though these ﬁndings have elucidated the homeostatic
functions of astrocytes in the CNS (Allen et al., 2011),
modern techniques have not been able to solve the basic
astrocyte complexity particularly with respect to the concept
of heterogeneity occurring in several anatomical regions
(Hewett, 2009). Thus, the characterization of these diverse cells
continually poses a challenge in neurobiology (Kimelberg, 2004).
These cells are being progressively demonstrated as having
diﬀerent functional pathways in health and neuropathologies
and as such, may aﬀect drug targeting and speciﬁc disease
treatment (Nedergaard and Verkhratsky, 2012). Therefore, for
the functional aspects of astrocytes to make complete sense,
heterogeneity has to be properly deﬁned and in particular, in
the animal models being used for various studies. A better
understanding of astrocyte heterogeneity, will greatly aid
investigation of astrocytes functions in the normal brain as well as
their roles in neurological disorders. This may potentially reveal
neuropathological selectivity, genetic and geographical domains
as in the case of adult neurogenesis (von Bohlen and Halbach,
2011; Olude et al., 2014a).
The AGR has been trained to detect landmines and
tuberculosis samples using olfactory and cognitive cues
(Weetjens et al., 2009; Olude et al., 2014a,b). In our previous
study (Olude et al., 2014a), the granule and periventricular
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Materials and Methods
Animals (Sampling, Perfusion, and Brain
Harvest)
This study was approved by the Ethics Committee of the
University of Ibadan. A total of 15 male African giant rats
(Cricetomys gambianus), neonates (n = 5), juveniles (n = 5), and
adults (n = 5); between neonatal day zero and over 52 weeks
with body weights ranging from 20 g to 1150 g were used in
this study. The animals were obtained from local hunters in the
wild, excluded for head or nervous deformities and stabilized
within 24 h. All animals were sedated with a lethal dose of
chloroform and were perfused transcardially, ﬁrst with normal
saline followed by 4% paraformaldehyde in 0.1 M phosphatebuﬀered saline (PBS), pH 7.4. Brains were removed shortly after
perfusion, weighed, post-ﬁxed in 4% paraformaldehyde and cryoprotected with 30% sucrose for 2–3 days.

Golgi Stain Procedures
From one brain, thick sections of 1 cm × 1 cm sections were taken
from the neocortex and processed for Golgi Silver impregnation
method for neurons. Silver impregnation (Golgi staining) was
carried out as described brieﬂy: tissue was ﬁxed in a 3% potassium
bichromate (60 ml), 10% formalin (20 ml), 2% silver nitrate
solution in the dark for 7 days and solution changed with a fresh
solution daily. The tissue blocks were then transferred into 2%
silver nitrate solution for 3 days at room temperature in the dark.
Filter paper was used to absorb excess solution before putting
blocks into silver nitrate solution. The silver nitrate solution

2
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Axioskop 2 plus microscope (Germany). GFAP signaling was
quantiﬁed using Image J software application (1.46r version).
Data was expressed as mean ± SEM and analyzed with SPSS16 version using one-way ANOVA for soma density across age
groups and unpaired “two-tailed” student t-test for astrocyte
counts between juvenile and adult AGR (p ≤ 0.01).

(less than regular use) was changed several times until brown
precipitates disappeared. Sections were cut at 60 µm thick into
distilled water. The sections were mounted on to Superfrost Plus
slides and air-dried for 10 min. These were later dehydrated
through 95 and 100% alcohol, cleared in xylene, and coverslipped.
R

Immunohistochemistry

Results

Brains tissues were allowed to equilibrate in 30% sucrose in
0.1 M PB at 40◦ C. Sagittal sections were taken in series from
tissues frozen in 30% sucrose and sectioned into 40 µm thick
sections on a freezing microtome (Hyrax ). The immunostaining
was performed using the free ﬂoating method. Sections were
then stained with cresyl violet (for Nissl bodies) to determine
anatomical orientation and glial ﬁbrillary acidic protein (GFAP)
was used as immunohistochemical marker for astrocytes. One
in every 20th section (Adult and Juvenile brains) and one
in ten section (for neonates) were utilized and other sections
used as control as needed. Sections were washed twice for
10 min in PBS and then rinsed with Tris-Base Saline in
Triton (TBST) once for 5 min under gentle shaking at
room temperature. Sections were then treated with blocking
solution, 5 % normal rabbit serum (NRbS) in TBST for
30 min.
Tissues were then transferred into primary antibody GFAP
(Santa Cruz 1:250) in TBST supplemented with 2% bovine
serum albumin (BSA) and 2% NRbS overnight at 4◦ C under
gentle shaking. The next day, tissues equilibrated at room
temperature followed by a three times 10 min wash in TBST
under gentle shaking at room temperature. Secondary antibody,
biotinylated rabbit-anti-goat (Vector lab, CA, USA; 1:250) in
Tris-Base Saline (TBS) supplemented with 2% NRbS for 60 min
at room temperature under gentle shaking was then applied.
Sections were then washed in TBS thrice for 10 min 157 each
under gentle shaking at room temperature. Thirty minutes prior
to the time of use, Avidin Biotin Complex (ABC) reagent in
TBS (1:100, A plus B) was applied to the tissues for 40 min
at room temperature under gentle shaking. Sections were then
washed in TBS twice at 15 min each under gentle shaking
at room temperature followed by washing in Tris Base (TB)
pH 7.6 two times for 10 min each. Sections were then preincubated in DAB solution, 0.5 mg/mL in TB (pH 7.6) by using
2 mL per vial for 30 min in the dark under gentle shaking
at room temperature. Thirty-ﬁve microliter of 0.5% H2 O2 was
added to each vial and mixed adequately and allowed to develop
under visual guidance until strong nuclear staining appears
within the rostral migratory stream (RMS). The reaction was
stopped by washing sections in TB pH 7.6, three times for
10 min each under gentle shaking at room temperature. Tissues
were washed in PB, counterstained and mounted onto 0.5%
gelatinized slides and air dried overnight. Tissues were then
dehydrated in an ascending graded series of alcohol, cleared
in xylene and cover slipped with Entelan . Astrocyte density
was deﬁned as the number of cells per mm2 in a 40 µm
section following the pattern of Emsley and Macklis (2006).
Sections of the brains sections were measured, analyzed and
photomicrographed with a light microscope using the Zeiss

The precise age of animals used in this study could not be
conﬁrmed (since they were captured from the wild) except
the neonates which were day old. The age group classiﬁcation
was judged by already reported parameters which include
their weight and sexual maturity (Ajayi, 1974); using weight
estimates to classify the AGR as neonates (0-70 g; day 0–
28), juveniles (over 70 g but below 500 g; day 28–180) and
adult (above 500 g, day 180 and above). Mean brain and
body weights were given as: neonates = 0.40 ± 0.00 g,
18.68 ± 0.69 g; Juveniles = 4.48 ± 0.18 g, 300 ± 36.51 g, and
Adults = 5.48 ± 0.23 g, 975 ± 40.31 g, respectively.

R

Morphology of Golgi Stained Astrocytes
Astrocytes were typical, appearing as tufted clumps with
perivascular, Bergmann, protoplasmic, and ﬁbrous types readily
identiﬁed. Also, Golgi staining revealed astrocytic-neuron
connections in the cerebral cortex layers (II, III, and V) and,
molecular and Purkinje cell layers including the white mater
components of the cerebellum (Figure 1).

Age Affects GFAP Signaling Intensity
Visualization and image J quantiﬁcation of GFAP astrocytes
revealed greatest signaling intensity in juveniles followed
by adults and lastly neonates despite using the same
dilution factors for staining all sections (Figure 2). The
pattern of GFAP signaling intensity was caudo-rostral in
all the groups. In neonates, processes were more apparent
than cell bodies (Figure 3). Their cell bodies measured
approximately 32 ± 4.8 µm in diameter against 91 ± 5.4 µm
and 75 ± 1.9 µm in juveniles and adults, respectively
(Figure 4). Over 90% of astrocytic cells detected in neonates
were within the glia limitans of the germinal zone of the
ventriclular region, dorsal, and ventral regions of the mid
and hind brain, mesencephalon, and a thin line extending
along the hippocampal ﬁssure. The expression of GFAP
in the forebrain was conﬁned to a thin line of signal
extending along the hippocampal ﬁssure and surrounding
the ventricular region. Generally, low levels of signal were
observed in the forebrain glia limitans and within the corpus
callosum.
It was observed that immunopositive labeling and the
intensity of staining extended rostrally from mesencephalic
region to the superﬁcial regions of the cerebellum in the juvenile.
This superﬁcial labeling could be localized to the Purkinje cell
and remained at moderate and reduced levels in the adult. High
levels of GFAP intensity in the glia limitans of these regions
had highest intensity in juvenile with reduced expression in

R
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FIGURE 1 | (A) Typical pyramidal neuron (red arrow) making association with astrocytes (yellow arrows; B) astrocytes in synaptic association with neurons
(circumscribed area; C) astrocytes immunolabelling in the cerebellum.

FIGURE 2 | Quantitative analysis of glial fibrillary acidic protein (GFAP) signal intensity in selected brain regions across age groups revealed greatest
signal values per unit area in juveniles followed by adults and neonates, respectively.

Regional Morphological Heterogeneity in the
AGR Brain

adults. GFAP intensity in the juvenile was observed to reach
apparent peak levels of expression in this group along the
hippocampal area which was more prominent. This pattern
decreased to more moderate levels in the adult. The appearance
of strong signal within the polymorphic layer of the DG was
found in juvenile groups and was similarly reduced in the adult.
Similar signal intensity was observed in the cerebellum and
hippocampal regions a feature that reduced in adult sections
(Figure 5).

Frontiers in Neuroanatomy | www.frontiersin.org

Astrocyte–Neuron interactions were demonstrated in various
brain regions showing terminal neuronal dendritic connections
with various astrocytes types. Golgi stain revealed the presence
of greater tufts of dendrites in various morphological types
of astrocytes than immunohistochemistry. The morphology of
astrocytes was also seen to vary throughout the AGR brain using
GFAP stain (Figure 6).
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FIGURE 3 | Glial fibrillary acidic protein positive immunostaining for astrocytes (black arrows) in neonate (A) mesencephalon showing more
processes than cell bodies (B) at the pial surface of the mesencephalic region.

FIGURE 4 | Comparison of mean astrocytic soma diameters across
age groups. Values are expressed as means ± SEM. ∗ ∗∗ indicates significant
statistical difference at p ≤ 0.01.

FIGURE 5 | Astrocytes in (A) dentate gyrus (DG) and (B) cerebellum of
juvenile African giant rats (AGR) showing greater intensity of GFAP
signaling as against corresponding areas of adults AGR (C,D).

The location of astrocytes were assessed and analyzed from
12 brain sub regions and revealed eight astrocytic subtypes in
the AGR. Distinct regional heterogeneity with respect to the
type of astrocytic cell that resides in each neuronally deﬁned
region was also observed. Predominantly ﬁbrous astrocytes
were found in the corpus callosum and brain stem while
protoplasmic astrocytes in the cortex and DG. Both protoplasmic
and ﬁbrous astrocytes were stained in hippocampus and
OB. Radial glia were found along the OB and SVZ while
velate astrocytes were particularly found around populations
of granule neurons (cerebellum and hippocampus). Marginal
astrocytes were found close to the pia mater. Bergmann
glia were found abundantly in the molecular layer of the
cerebellum. Perivascular and periventricular astrocytes were
identiﬁed in the cortex and third ventricle, respectively (Table 1;
Figure 6) and these analyses capture considerable heterogeneity
of astrocytic morphologies in the AGR brain. Age group

Frontiers in Neuroanatomy | www.frontiersin.org

morphological diﬀerences were observed with the juvenile
sections having more prominent astrocytic processes than in
adults.

Astrocytic density varies with defined
anatomical regions
Estimated cell counts were obtained using 40 µm sagittal
sections across the right hemisphere of the AGR brain. Estimated
number of cells from ﬁve random boxes measuring 1 mm2
cells with an average taken. The sum of the astrocyte counts
per slide from the mid-sagittal section to the most lateral
section was recorded as the total right hemispheral astrocyte
count (Table 2). The cell population density of astrocytes were
found to vary across brain regions and ranged from 1 to 8
cells per mm2 in the cortex to 7–17 cells per mm2 in the

5
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FIGURE 6 | Representative astrocyte morphologies from selected regions of the AGR brain (Images were obtained from sagittal sections and
immunolabeled with GFAP).

adults was found in the cortex, pia, corpus callosum, RMS,
DG, molecular, and Purkinje cell layer of the cerebellum.
Highest astrocyte counts in both juvenile and adult was found
in DG while the least was found in the brain stem and sub
cortex, respectively. Age seemed to play a signiﬁcant role in

DG. Astrocytic density also varied considerably in sub-regions
of the cortex, with 1–5 in layer II–III compared to 1–8 in
layer I. In all the brain regions, astrocyte count was higher in
juveniles than adults except at the third ventricle. Signiﬁcant
diﬀerence in mean counts (p ≤ 0.01) between juveniles and

Frontiers in Neuroanatomy | www.frontiersin.org
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TABLE 1 | Regional heterogeneity of astrocytes in the African giant rats (AGR) brain.
Region

Astrocyte subtypes
Radial

Olfactory bulb (OB)

Bergmann glia

+

Protoplasmic
+

+

+/–

+

Cortex

Marginal

+/–
+

Pial surface
Corpus callosum

+

Lateral ventricle/SVZ

+

Perivascular

Periventricular

Third ventricle

+

+
+

+
+
+

Hippocampus
Cerebellum

Velate

+

RMS

DG

Fibrous

+

+

+/–

+
+

+/–
+

Brainstem

+/–

Astrocyte heterogeneity in juvenile and adult groups revealed eight subtypes to include fibrous astrocytes predominantly in the corpus callosum and brain stem,
protoplasmic astrocytes in the cortex and dentate gyrus (DG) and hippocampus; radial glia were found along the olfactory bulb (OB) and subventricular zone (SVZ);
velate astrocytes were particularly found in the cerebellum and hippocampus; marginal astrocytes close to the pia mater; Bergmann glia in the molecular layer of the
cerebellum; perivascular, and periventricular astrocytes in the cortex and third ventricle, respectively.

TABLE 2 | Astrocyte counts in different brain regions.

Discussion

Brain region

GFAP Suitability as Immune Marker

Age
Juvenile

Adult
238.33 ± 36.86

CORTEX∗

428.33 ± 70.06

PIA∗

635.00 ± 185.00

163.33 ± 23.63

CORPUS CALLOSUM∗

753.33 ± 83.87

358.33 ± 54.85

HIPPOCAMPUS

580.00 ± 250.60

441.67 ± 68.98

OLFACTORY BULB

255.00 ± 80.47

204.00 ± 31.75

PERIVASCULAR

391.67 ± 143.38

300.00 ± 141.07

RMS∗

508.33 ± 30.14

261.67 ± 41.93

SUB CORTEX

206.67 ± 58.60

71.33 ± 8.08

SVZ

555.00 ± 152.23

366.67 ± 56.86

DG∗

1110.00 ± 235.16

596.67 ± 80.83

CEREB. GRAN

456.67 ± 60.28

388.33 ± 46.46

CEREB. MOLE∗

395.00 ± 30.41

216.67 ± 28.87

CEREB. WM

433.33 ± 51.32

343.33 ± 58.60

CEREB. PCL∗

403.33 ± 25.17

306.67 ± 30.55
176.67 ± 20.82

PONS

280.00 ± 121.24

BRAIN STEM

170.00 ± 125.30

143.33 ± 30.55

3RD VENTRICLE

211.67 ± 34.03

213.33 ± 32.15

Using the expression of GFAP as prototype marker of astrocytes
has been dubbed a myth because of its limitations (Molofsky
et al., 2012). GFAP is not an absolute marker of all non-reactive
and though detectable in several healthy astrocytes, many mature
astrocytes in healthy CNS tissue do not express detectable
levels (Sofroniew and Vinters, 2010). Astrocytes exhibit both
regional and local variability in GFAP expression regulated by
a large number of inter- and intra-cellular signaling molecules
(Sofroniew, 2009).
Glial ﬁbrillary acid protein immunohistochemistry does not
label all portions of the astrocyte but only in the main stem
branches (Sofroniew and Vinters, 2010). GFAP is entirely absent
from the ﬁnely branching astrocyte processes and is often
not detectably present in the cell body (Figures 1B vs 5A).
Consequently, GFAP immunohistochemistry can markedly
underestimate the extent of astrocyte branching and territory in
comparison with other means of detection such as Golgi staining
as shown in this study.
We have, however, used anti-GFAP immunohistochemistry to
map the morphology, distribution, and densities of astrocytes in
the AGR brain across three broad age groups (neonates, juveniles,
and adults). It revealed an accumulation of GFAP during early
postnatal development in agreement with previous reports (Lewis
and Cowan, 1985; Tardy et al., 1989). Landry et al. (1999)
suggested that the eﬀect of age in the expression of astrocytes
mRNA is a factor that will aﬀect GFAP immunoreactivity
intensity. This followed the pattern observed in our present
study where neonates had limited expression of GFAP while
the highest expressions were found in juveniles with reduced
immunoreactivity in the adult group.
From this study, we demonstrated that astrocytic
morphology, density and GFAP staining intensity are age
dependent in the AGR brain. Astrocytic numbers increase

SVZ, Sub Ventricular Zone; CEREB. GRAN., Granular layer of the Cerebellum;
CEREB. MOLE., Molecular layer of Cerebellum; CEREB. WM, Cerebellar White
Matter; CEREB. PCL, Purkinje Cell Layer of Cerebellum. Age influences the
population of astrocytes in different regions of the brain. In all the brain regions,
astrocyte count was higher in juveniles than adults except at the third ventricle.
Significant difference in mean counts (∗ ) between juveniles and adults was found in
the CORTEX (t = 4.16, p = 0.01), PIA (t = 4.38, p = 0.01), CORPUS CALLOSUM
(t = 6.83, p = 0.01), RMS (t = 8.27, p = 0.01), DG (t = 3.58, p = 0.01), CEREB.
MOLE. (t = 7.37, p = 0.01) and CEREB. PCL (t = 4.23, p = 0.01). The highest
astrocyte counts in both juvenile and adult was found in DG while the least was
found in the BRAIN STEM and SUB CORTEX, respectively.

astrocyte population counts in diﬀerent regions as there were
diﬀerences in the numbers of juvenile and adult cell counts per
region

Frontiers in Neuroanatomy | www.frontiersin.org
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astrocytic populations indicates that the functional signiﬁcance
of astrocytes will progressively increase from neonates to juvenile
and subsequently be reduced in the adults. The signiﬁcance of
some morphological types and densities being depleted with age
is unknown but might account for certain diseases or tumors if
their levels go beyond normal. Thus, it is important to establish
normal baseline data for morphological subtypes with their
regional densities in order to map functionally signiﬁcant levels as
possible indicators of astrocytic or neuroinﬂammatory diseases.
This study has shown baseline data of astrocyte sub types and
their estimated densities in diﬀerent regions of the AGR brain.
This oﬀers great pilot value for cell culture studies in the AGR
brain because of its indigenous nature, behavioral qualities such
as olfaction, memory, and locomotor abilities which will be useful
in studying nervous conditions that involve astrocytes from an
African perspective.

with age by approximately 20% (Rozovsky et al., 1998; Salminen
et al., 2011). Two postulates have been raised to explain this:
(a) that the increase may be in response to injured or damaged
neurons during aging and/or (b) increased astrocytic densities
in the aging brain is vital in conferring the same level of
neuroprotection that is present in the brain of a young animal.
Thus, age, as a factor, should be considered in neuroinﬂammatory
studies (Barreto et al., 2011).

Morphological Differences
Eight astrocytic subtypes were observed in the brain of the
AGR. Several authors have reported on variable subtypes: nine
in mice (Emsley and Macklis, 2006; Oberheim et al., 2012), four
in humans and primates (Nag, 2011). The cells were in distinct
regional heterogeneity with respect to the type of astrocytic
cell that resides in each neuronally deﬁned region of the adult
CNS (Figure 6). The distinct, region-speciﬁc heterogeneity of
astrocytes observed in the AGR is, thus, comparable to the
regionalization and heterogeneity of deﬁned neuronal subtypes
(Emsley and Macklis, 2006). Assessing 12 CNS sub-regions,
we found, for example, predominantly velate, protoplasmic,
ﬁbrous, and radial astrocytes. There were also diﬀerences in
the morphological appearances across age groups which might
relate functional signiﬁcance to morphology in AGR astrocytes
(Oberheim et al., 2012).

Conclusion
The authors note that there are distinct and region-speciﬁc
diﬀerences in astrocytic morphology in the AGR brain. These
morphologic diﬀerences are as diverse as those for neuronal
populations across the adult mammalian CNS, and can be used to
deﬁne anatomical regions. Astrocytic density varies considerably,
and can distinctly and independently deﬁne neuronally deﬁned
anatomical regions and sub-regions. Authors propose that
speciﬁc astrocyte populations perform speciﬁc roles in diﬀerent
brain regions. Case in point is the radial glia and its possible
roles in olfaction in the AGR. This study therefore, demonstrates
that astrocytic morphology and density independently deﬁne
the discrete cytoarchitecture of the AGR brain and presents the
juvenile AGR as a suitable research model for astrocytic studies.

Astrocyte Morphology Affects Neural
Function?
Existing literature suggests that the degree of varied astrocytic
sub-types morphology and cellular density seen depends on
how astrocytes are labeled and thus, other stains and techniques
should be carried out in future analysis to diﬀerentiate or further
elucidate the morphology and cell density (Emsley and Macklis,
2006).
However, other authors indicate that various morphological
sub-types exhibit varying structural and functional properties
that might be involved in neural function of the particular brain
regions, e.g., in the Cerebellum (Wang et al., 2011), Hippocampus
(D’Ambrosio et al., 1998), OB (Olude et al., 2014b). Although
the signaling pathway of these modiﬁcations are yet unknown.
Baseline data on morphology and density of astrocytes in
brains of mammals across age groups can thereby serve as
a tool to predict or detect any functional correlate between
normal decline in cellular density with aging against functional
depletion of cells and their synaptic relevance in astrocytic
diseases.
Regional density has been reported (Emsley and Macklis,
2006). The AGR also showed regional density but the cell
populations diﬀer from their reports. This might be due to
the GFAP antibody signaling power, a slightly thicker section
utilized in this study or generally a morphological ﬁnding in
the AGR as having bigger astrocytic cells and processes. The
cell bodies span over 10 mm in some regions and processes up
to 90 mm. This may account for an increase in volume than
in the laboratory rodent suggesting that density alone does not
account for astrocytic function but synaptic volume (Şovrea and
Boşca, 2013). That age groups present increasing number of
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